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It METHOD FOR COMPUTING THE COMPRESSION LOADS 
IN TWIN SCREW CC ~\!PRESSORS 
G.P. Adams 
University of Arkansas 
Mechanical Engineering Department 




1077 Herrick Laborat"ories 
West Lafayette, IN 4 7907 
An important consideration in the design and analysis of a twin screw compressor is the computation of the rotor 
loads due 'o the compression process. A method for computi •lg these compression loads is presented here. Th~> 
compression process is viewed as a quasi-static, polytropic process. The forces and moments on each rotor are 
computed as a function of the angular position of the rotor. The compression loads are computed by integrating 
the pressure over the rotor surface. The 3-D helical rotor surface is mapped to a 2-D region for computing the 
integrals. The boundaries of the integration region are defined by the various seal geometries. These include 
the rotor iaces at the suction and discharge planes, the compressor housing/lobe tip seal, and the interlobe seai 
curve. Tho:: Cartesian coordinate system used here results in for<.:es in the principal directions and moments taken 
about the center of the rotor, in the suction plane. These forces and moments are then resolved to the bearing 
locations. Compression loads for a typical operating condition are presented. In general it is noted that the 
magaitude of the moment about the axis of rotation Gll the female rotor is approximately 12% of that 011 the 
male rotor. This algorithm provides for the inclusion of the cvrnpression loads in a model used to simulate the 
rotor motion. 
INTRODUCTION 
This work'; based on research conducted by the authors whii.' .'t Purdue University [1]. As used throughout thi., 
paper, the k:·m compression loads refers to the forces and mom:·nts induced on the rotors of a screw compressor 
due to the compression of the gas only. Dynamic effects are not included here. Rather the loads are computed 
as a funr~ ;,m of the angular position of the rotor. The comf-ression loads can then be used to model the rotc.r 
dynamics during the compression process [2]. Therefore, the bearing loads which exist within the mechanism 
can be computed. 
An overview of the computation method is first presented, followed by a review of the vector calculus which is 
used. Some details of the implementation are provided for the geometry associated with twin screw compressors. 
The authors [3] have previously published related work in which the interlobe seal curve is approximated as 
a straight line parallel to the rotor axis of rotation. In this work, the actual interlobe seal geometry is used, 
avoiding the inaccuracy associated with the straight line approximation. 
THE INTEGRATION METHOD 
Three geometric constructions, sections, chambers and strips, are used in computing the compression loads for 
the screw compressor rotors. The male rotor is divided into Nm equivalent sections, where Nm is the number of 
lobes on tb-:c male rotor. These sections are bounded by adj<;vmt lobe tips, and extend from the suction plane 
to the discharge plane. Figure 1 is a view of the male rotor with a single section emphasized. The contact 
points between the male and female rotors form an interlobe seal curve along the male rotor. This interlobe 
seal curve, shown for one section in Figure 1, further divides the Nm sections of the male rotor into separate 
compression chambers. A low pressure chamber extends from the suction plane to the seal curve along the top of 
the rotor. A high pressure chamber extends from the seai curw to the discharge plane along the bottom of the 
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rotor. The compression loads are comput.ed hy it,~~grating the pressure over the surface defined h:v ·~<wh chamber. 
The required integrations are performed by furl •~t: dividing each chamber into helical strzps and ~-"lll:ming the 
integrals computed over each strip. 
The compression in each chamber is assumed to be a polytropic process in which the pressure is constant 
throughout each individual chamber for a specific rotor position. The chamber pressure is therefore a scalar which 
can be integrated over the surface of the rotor by mapping each 3-D compression chamber into a 2-D integrating 
region. The integrands and associated limits m,'-J to compute the compression loads are function.;, only of the 
chamber geometry, as defined by the rotor surface and the various seal interfaces. Due to the symmetry of the 
rotors, the compression loads are defined for all values of (}m, by computing the loads for values of (ITT! from 0.0 
to 27r/Nm. 
Integration of a Scalar Over a Surface 
The general integration procedure is described here. Let a surface, S, be defined in terms of two variables, u 
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In order to implement this method to comr-1te the compression loads, the scalar quantity, J. becomes 
the pressure, P, in a given chamber, multiplied by the" appropriate component of the surface normal vector, 
·ii = ('S x ~) . The x-component forces and u,oments due to compression are computed as 
IITu X Tvli 
Fx = P j j nx IITu X Tv II dudv = P j j (TuX Tv)x dudv (8) 
Mx = P j j (TuX Tv)z Sy- (TuX Tv)y S, dudv. (9) 
Similar equations apply for the y and z compownts. 
INTEGRATION METHOD APPLIED TO THE ROTORS 
The integration method described above is applied to the screw compressor rotors by defining a suitable mapping. 
Assumptions are made about the nature of the discrete polar coordinates which define the rotor profiles. 
Mapping the 3-D Rotor Surface to a 2-D Region 
The Cartesian coordinate system used for mapping the 3-D surface to a 2-D region and the required variable 
definitions are shown in Figure 2. The origin of the Cartesian coordinate system is the point defined by the 
rotational axis of the male rotor, the center of the 2-D profile, at the suction plane. 
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The 3-D rotor geometry is completely defined by the 2-D profile, the length 0f t.hf' rotor, L, and the wrap 
angle, Tm, of the rotor. The 2-D p•ofile is defined by the discrete polar coordinates, !(m and em, of one lobe. 
Th<.> symmetric profile is completed by incrementing these polar coordinates appropri<~tely to define Nm lobes_ 
Using these geometric parameters, the 2-D integration variables can be defined. The parameters IJ and ¢; are 
used as the integrating variables. 
The variable IJ is the unique polar coordinate associated with each point on the 2-D rotor profile. For the 
ith point, this coordinate is defined in terms of the profile data coordinate em(i), the specific section involved 
sect, and the current rotational position, Bm, of the rotor. 
( 271") IJ = em(i) + Bm +(sect- 1) Nm (10) 
The 2-D profile is not known in closed form but only as a set of discrete polar coordinates. The radius of 
the rotor is defined in terms of the discrete polar coordinates by assuming that the radius varies linearly as a 
function of em between adjacent points. This can be used to define R(IJ) for the entire 2-D profile. 
where 
Rm(6) = Rm(i) + f3m(i) (6- em(i)) 
em(i) < 6 < 
f3m ( i) 
em(i + 1) 
Rm(i + 1)- Rm(i) 
Gm(i + 1)- 0m(i) 
( 11) 
The variable¢; is related to the amount of twist associated with a specific integration region. It's limits are 
defined by the seals which bound th," region. Therefore, the value of¢; varies from Q.f) ~o -Tm. 
Resulting Integrals 
The integration variables, B and ¢, completely define the 3-D rotor surface. The Cartesian coordinates of the 
rotor surface are defined in terms of I) and ¢; as 
Rm(B) cos(B + ¢;) 
Rm(B) sin(B + ¢;) 
(L/rm) X ¢. 
In addition, the cross product of the tangent vectors, (~ x Tv), becomes 
(-L/rm){ f3m sin(B + ¢;) + Rm(IJ) cos(B + ¢;)} i 
+(L/rm){ f3m cos(B + ¢;)- Rm(B) sin(B + ¢;)} J 
+f3m Rm(B) k. 
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The integration is p~rformed by dividing each chamber into helical strips along the rotor surface. The boundaries 
which define these strips are 
1. The arc subtended by adjacent discrete profile points at the suction plane, 
2. Helical lines extending from the adjacent discrete profile points at the suction plane to the location of the 
corresponding points at the discharge plane, 
3. The intersections of the helical lines with the interlobe seal curve, 
4. The arc subtended by adjacent discrete profile points at the discharg;e plane. 
The integrands and limits of integration required to compute the compression loads are dependent on the 
specific value of Bm, the rotation of the male rotor. The integrations arP performed at incremental values of Bm, 
from 0.0 to 27r j N m, for the series of helical strips which define each individual chamber, within the Nm sections 
of the rotor. The summation of the integrations for each chamber results in the compression loads for the entire 
rotor at each incremental value of Bm. 
CONCLUSIONS 
Typical bearing loads which result from the compression forces are prE'sented in Figures 3 to 5. The moments 
about the rotor axes, .H, ... and M21 , exhibit an important characteristic of the compression loadings present in 
the screw compressor. fhe magnitude of M, 1 is approximately 12% of the magnitude of M,,. This effect is 
caused by the shape of the interlobe seal curve and the resulting projected area of each rotor which is exposed to 
the various chamber pressures. The effect is also evident in the axial forces, Fz, and F21 . Due to the significant 
difference in the axial moment values, the female rotor tends to behave more like an idler, effectively un-loaded, 
than a member of a gear train. 
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Figure 2: Mapping of 3-D rotor surface to a 2-D region. Demonstrated on a cylinder. 
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Figure 3: Suction bearing loads, male rotor, under pressure, (-) Xm, (-- -)Ym, (-. -)Zm. 
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Figure 4: Discharge bearing loads, male rotor, under pressure, (-) Xm, (-- -)Ym. 
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Figure 5: Moments about z-axis due to compression, under pressure, (-) Mzm , (- - - )Mzr 
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